wo 2019/165383 A1 | NI 0000 T 00000 0 0O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property '
Organization ’
International Bureau

(43) International Publication Date
29 August 2019 (29.08.2019)

=

(10) International Publication Number

WO 2019/165383 Al

WIPO I PCT

(51) International Patent Classification:

H02J 7/00 (2006.01)

H02J 50/10 (2016.01)

(21) International Application Number:

PCT/US2019/019457

(22) International Filing Date:

25 February 2019 (25.02.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/634,799 23 February 2018 (23.02.2018) US
62/784,667 24 December 2018 (24.12.2018) US
62/794,541 18 January 2019 (18.01.2019)  US
16/283,734 22 February 2019 (22.02.2019) US

(71) Applicant: JUIC INC. [US/US]; 17348 Via Del Campo,
San Diego, CA 92127 (US).

(72)

(74)

@81)

Inventors: GOODCHILD, Eric; ¢/o Juic Inc., 17348 Via
Del Campo, San Diego, CA 92127 (US). SLATNICK,
Jake; c/o Juic Inc., 17348 Via Del Campo, San Diego, CA
92127 (US).

Agent: SMYTH, Anthony; Loza & Loza, LLP, 305 N. Se-
cond Ave., #127, Upland, CA 91786 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: FREE POSITIONING CHARGING PAD

500

N

Proximity exchange

SO~ oo, 510~ ..., Overlay (506)
= gl
504 —» Col _ | [ _Col ] 1 _ Coll
— —
. 503I7 PCB T‘508
502 —
Overlay (506)
r= el
-
502 —

Power Transler Area

512

Overlay (506)
(!

PCB

,
502 -

FIG. 5

(57) Abstract: Systems, methods and apparatus for wireless charging are disclosed. An apparatus has a wireless charging apparatus
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FREE POSITIONING CHARGING PAD

PRIORITY CLAIM
[0001] This application claims priority to and the benefit of Patent Application No.
16/283,734 filed in the United States Patent Office on February 22, 2019, provisional
patent application No. 62/634,799 filed in the United States Patent Office on February
23, 2018, of provisional patent application No. 62/784,667 filed in the United States
Patent Office on December 24, 2018, and of provisional patent application No.
62/794,541 filed in the United States Patent Office on January 18, 2019, the entire
content of which applications are incorporated herein by reference as if fully set forth

below in their entirety and for all applicable purposes.

TECHNICAL FIELD
[0002] The present invention relates generally to wireless charging of batteries, including

batteries in mobile computing devices.

BACKGROUND

[0003] Wireless charging systems have been deployed to enable certain types of devices to
charge internal batteries without the use of a physical charging connection. Devices
that can take advantage of wireless charging include mobile processing and/or
communication devices. Standards, such as the Qi standard defined by the Wireless
Power Consortium enable devices manufactured by a first supplier to be wirelessly
charged using a charger manufactured by a second supplier. Standards for wireless
charging are optimized for relatively simple configurations of devices and tend to
provide basic charging capabilities.

[0004] Conventional wireless charging systems typically use a “Ping” to determine if a
receiving device is present on or proximate to a transmitting coil in a base station for
wireless charging. The transmitter coil has an inductance (L) and, a resonant capacitor
that has a capacitance (C) is coupled to the transmitting coil to obtain a resonant LC
circuit. A Ping is produced by delivering power to the resonant LC circuit. Power is
applied for a duration of time (90 ms in one example) while the transmitter listens for
a response from a receiving device. The response may be provided in a signal
encoded using Amplitude Shift Key (ASK) modulation. This conventional Ping-based

approach can be slow due to the 90 ms duration, and can dissipate large and
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significant amount of energy, which may amount to 80 mJ per Ping. In one example, a
typical transmitting base station may ping as fast as 12.5 times a second (period =
1/80 ms) with a power consumption of (80 mJ * 12.5) per second = 1W. In practice
most, designs trade off responsiveness for a lower quiescent power draw by lowering
the ping rate. As an example, a transmitter may ping 5 times a second with a resultant
power draw of 400 mW.

[0005] Tradeoffs are generally possible for base stations that employ a single transmitting
coil, because a ping rate of 5 times a second is usually sufficient to detect a device
within 1 second of its placement on a charging pad. However, for a multi-coil free
position charging pad, responsiveness and quiescent power draw characteristics may
be impaired. For example, 35 pings per second would be required to produce 5 pings
per second on each transmitting coil of a 7-coil, free position charging pad scanning.
Given the power limits defined by design specifications, the 7-coil, a free position
charging pad has a response rate that is greater than 1.78 seconds, which is typically
unacceptable for user experience and may violate regulatory power standards or
power budgets for battery powered designs.

[0006] Improvements in wireless charging capabilities are required to support continually
increasing complexity of mobile devices and changing form factors. For example,

there is a need for a faster, lower power detection techniques.

SUMMARY

[0007] Certain aspects disclosed herein relate to improved wireless charging techniques. In
one aspect of the disclosure, a method for detecting an object includes providing a
pulse to a charging circuit, detecting a frequency of oscillation of the charging circuit
responsive to the pulse or a rate of decay of the oscillation of the charging circuit, and
determining that a chargeable device has been placed in proximity to a coil of the
charging circuit based on changes in a characteristic of the charging circuit. The pulse
may have a duration that is less than half the period of a nominal resonant frequency
of the charging circuit.

[0008] In certain aspects, the change in the characteristic of the charging circuit causes a
change in rate of decay of the oscillation of the charging circuit. The change in the
characteristic of the charging circuit may cause the frequency of oscillation of the

charging circuit to vary with respect to the resonant frequency of the charging circuit.
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[0009] In certain aspects, the method includes determining a charging configuration for the
chargeable device when the coil of the charging circuit is inductively coupled to a
receiving coil in the chargeable device, and providing a charging current to the
charging circuit in accordance with the charging configuration. Determining the
charging configuration for the chargeable device may include selecting a baseline
charging configuration as the charging configuration. Determining the charging
configuration for the chargeable device may include transmitting an active ping in
accordance with standards-defined specifications for charging the chargeable device,
and identifying the chargeable device from information encoded in a modulated signal
received from the chargeable device. Determining the charging configuration for the
chargeable device may include negotiating the charging configuration with the
chargeable device to provide an extended power profile used while charging the
chargeable device.

[0010] In one aspect, the method includes conducting a low-power search of a plurality of
charging coils to determine if an electrical, mechanical or magnetic characteristic of at
least one charging coil has been affected by an object placed in proximity to the at
least one charging coil, and configuring the charging circuit to include the at least one
charging coil.

[0011] In one aspect, the method includes detecting that a change in capacitance associated
with at least one charging coil is indicative of an object placed in proximity to the at
least one charging coil, and configuring the charging circuit to include the at least one
charging coil.

[0012] 1In one aspect of the disclosure, a wireless charging apparatus has a battery charging
power source coupled to a charging circuit, a plurality of charging cells configured to
provide a charging surface, and a controller. The controller may be configured to
provide a pulse to the charging circuit, detect a frequency of oscillation of the
charging circuit responsive to the pulse or a rate of decay of the oscillation of the
charging circuit, and determine that a chargeable device has been placed in proximity
to a coil of the charging circuit based on changes in a characteristic of the charging
circuit. The pulse may have a duration that is less than half the period of a nominal

resonant frequency of the charging circuit.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates an example of a charging cell that may be employed to provide a
charging surface in accordance with certain aspects disclosed herein.

[0014] FIG. 2 illustrates an example of an arrangement of charging cells provided on a single
layer of a segment of a charging surface that may be adapted in accordance with
certain aspects disclosed herein.

[0015] FIG. 3 illustrates an example of an arrangement of charging cells when multiple
layers are overlaid within a segment of a charging surface that may be adapted in
accordance with certain aspects disclosed herein.

[0016] FIG. 4 illustrates the arrangement of power transfer areas provided by a charging
surface that employs multiple layers of charging cells configured in accordance with
certain aspects disclosed herein.

[0017] FIG. 5 illustrates the use of differential capacitive sensing to detect location and/or
orientation of a mobile communication device in accordance with certain aspects
disclosed herein.

[0018] FIG. 6 illustrates certain aspects of a search conducted when each charging cell
includes multiple coils in accordance with certain aspects disclosed herein.

[0019] FIG. 7 illustrates a charging surface with multiple charging cells, including the three
illustrated charging cells involved in a search conducted in accordance with certain
aspects disclosed herein.

[0020] FIG. 8 is a flowchart illustrating a search process that may be conducted by a charging
device in accordance with certain aspects disclosed herein.

[0021] FIG. 9 illustrates a wireless transmitter that may be provided in a charger base station
in accordance with certain aspects disclosed herein.

[0022] FIG. 10 illustrates a first example of a response to a passive ping in accordance with
certain aspects disclosed herein.

[0023] FIG. 11 illustrates a second example of a response to a passive ping in accordance
with certain aspects disclosed herein.

[0024] FIG. 12 illustrates examples of observed differences in responses to a passive ping in
accordance with certain aspects disclosed herein.

[0025] FIG. 13 is a flowchart that illustrates a method involving passive ping implemented in
a wireless charging device adapted in accordance with certain aspects disclosed

herein.



WO 2019/165383 PCT/US2019/019457

[0026] FIG. 14 is a flowchart that illustrates a power transfer management procedure that
may be employed by a wireless charging device implemented in accordance with
certain aspects disclosed herein.

[0027] FIG. 15 illustrates a first topology that supports matrix multiplexing switching for use
in a wireless charger adapted in accordance with certain aspects disclosed herein.

[0028] FIG. 16 illustrates a second topology that supports direct current drive in a wireless
charger adapted in accordance with certain aspects disclosed herein.

[0029] FIG. 17 illustrates an RC charging discharging cycle that characterizes certain
charging devices adapted in accordance with certain aspects disclosed herein.

[0030] FIG. 18 illustrates a battery assembly in a receiving device that may be charged in
accordance with certain aspects disclosed herein.

[0031] FIG. 19 is a block diagram illustrating the operation of a wireless charger in
accordance with certain aspects disclosed herein.

[0032] FIG. 20 illustrates an example of a PCB manufactured in accordance with certain
aspects disclosed herein.

[0033] FIG. 21 illustrates an example of a charging device manufactured in accordance with
certain aspects disclosed herein.

[0034] FIG. 22 is flowchart illustrating an example of a method for detecting an object
performed by a controller provided in a wireless charging apparatus adapted in
accordance with certain aspects disclosed herein.

[0035] FIG. 23 illustrates one example of an apparatus employing a processing circuit that

may be adapted according to certain aspects disclosed herein.

DETAILED DESCRIPTION
[0036] The detailed description set forth below in connection with the appended drawings is
intended as a description of various configurations and is not intended to represent the
only configurations in which the concepts described herein may be practiced. The
detailed description includes specific details for the purpose of providing a thorough
understanding of various concepts. However, it will be apparent to those skilled in the
art that these concepts may be practiced without these specific details. In some
instances, well known structures and components are shown in block diagram form in

order to avoid obscuring such concepts.
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[0037] Several aspects of wireless charging systems will now be presented with reference to
various apparatus and methods. These apparatus and methods will be described in the
following detailed description and illustrated in the accompanying drawing by various
blocks, modules, components, circuits, steps, processes, algorithms, etc. (collectively
referred to as “elements”). These elements may be implemented using electronic
hardware, computer software, or any combination thereof. Whether such elements are
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system.

[0038] By way of example, an element, or any portion of an element, or any combination of
elements may be implemented with a “processing system” that includes one or more
processors. Examples of processors include microprocessors, microcontrollers, digital
signal processors (DSPs), field programmable gate arrays (FPGAs), programmable
logic devices (PLDs), state machines, gated logic, discrete hardware circuits, and
other suitable hardware configured to perform the various functionality described
throughout this disclosure. One or more processors in the processing system may
execute software. Software shall be construed broadly to mean instructions,
instruction sets, code, code segments, program code, programs, subprograms,
software modules, applications, software applications, software packages, routines,
subroutines, objects, executables, threads of execution, procedures, functions, etc.,
whether referred to as software, firmware, middleware, microcode, hardware
description language, or otherwise. The software may reside on a processor-readable
storage medium. A processor-readable storage medium, which may also be referred to
herein as a computer-readable medium may include, by way of example, a magnetic
storage device (e.g., hard disk, floppy disk, magnetic strip), an optical disk (e.g.,
compact disk (CD), digital versatile disk (DVD)), a smart card, a flash memory device
(e.g., card, stick, key drive), Near Field Communications (NFC) token, random access
memory (RAM), read only memory (ROM), programmable ROM (PROM), erasable
PROM (EPROM), electrically erasable PROM (EEPROM), a register, a removable
disk, a carrier wave, a transmission line, and any other suitable medium for storing or
transmitting software. The computer-readable medium may be resident in the
processing system, external to the processing system, or distributed across multiple
entities including the processing system. Computer-readable medium may be

embodied in a computer-program product. By way of example, a computer-program
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product may include a computer-readable medium in packaging materials. Those
skilled in the art will recognize how best to implement the described functionality
presented throughout this disclosure depending on the particular application and the

overall design constraints imposed on the overall system.

Overview

[0039] Certain aspects of the present disclosure relate to systems, apparatus and methods
applicable to wireless charging devices and techniques. Charging cells may be
configured with one or more inductive coils to provide a charging surface that can
charge one or more devices wirelessly. The location of a device to be charged may be
detected through sensing techniques that associate location of a device to changes in a
physical characteristic centered at a known location on the charging surface. Sensing
of location may be implemented using capacitive, resistive, inductive, touch, pressure,
load, strain, and/or another appropriate type of sensing.

[0040] In one aspect of the disclosure, an apparatus has a battery charging power source, a
plurality of charging cells configured in a matrix, a first plurality of switches in which
each switch is configured to couple a row of coils in the matrix to a first terminal of
the battery charging power source, and a second plurality of switches in which each
switch is configured to couple a column of coils in the matrix to a second terminal of
the battery charging power source. Each charging cell in the plurality of charging cells
may include one or more coils surrounding a power transfer area. The plurality of
charging cells may be arranged adjacent to a charging surface without overlap of
power transfer areas of the charging cells in the plurality of charging cells.

[0041] Certain aspects of the present disclosure relate to systems, apparatus and methods for
wireless charging using stacked coils that can charge target devices presented to a
charging device without a requirement to match a particular geometry or location
within a charging surface of the charging device. Each coil may have a shape that is
substantially polygonal. In one example, each coil may have a hexagonal shape. Each
coil may be implemented using wires, printed circuit board traces and/or other
connectors that are provided in a spiral. Each coil may span two or more layers
separated by an insulator or substrate such that coils in different layers are centered
around a common axis.

[0042] According to certain aspects disclosed herein, power can be wirelessly transferred to a

receiving device located anywhere on a charging surface that can have an arbitrarily
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defined size and/or shape without regard to any discrete placement locations enabled
for charging. Multiple devices can be simultaneously charged on a single charging
surface. The charging surface may be manufactured using printed circuit board
technology, at low cost and/or with a compact design.

[0043] Another aspect of the present disclosure relates to systems, apparatus and methods
that enable fast, low-power detection of objects placed in proximity to a charging
surface. In one example, an object may be detected when a pulse provided to a
charging circuit stimulates an oscillation in the charging circuit, or in some portion
thereof. A frequency of oscillation of the charging circuit responsive to the pulse or a
rate of decay of the oscillation of the charging circuit may be indicative or
determinative of presence of a chargeable device has been placed in proximity to a
coil of the charging circuit. Identification of a type or nature of the object may be
made based on changes in a characteristic of the charging circuit. The pulse provided
to the charging circuit may have a duration that is less than half the period of a

nominal resonant frequency of the charging circuit.

Charging Cells

[0044] According to certain aspects disclosed herein, a charging surface may be provided
using charging cells that are deployed adjacent to the charging surface. In one
example the charging cells are deployed in accordance with a honeycomb packaging
configuration. A charging cell may be implemented using one or more coils that can
each induce a magnetic field along an axis that is substantially orthogonal to the
charging surface adjacent to the coil. In this description, a charging cell may refer to
an element having one or more coils where each coil is configured to produce an
electromagnetic field that is additive with respect to the fields produced by other coils
in the charging cell, and directed along or proximate to a common axis.

[0045] In some implementations, a charging cell includes coils that are stacked along a
common axis and/or that overlap such that they contribute to an induced magnetic
field substantially orthogonal to the charging surface. In some implementations, a
charging cell includes coils that are arranged within a defined portion of the charging
surface and that contribute to an induced magnetic field within the substantially
orthogonal to portion of the charging surface associated with the charging cell. In
some implementations, charging cells may be configurable by providing an activating

current to coils that are included in a dynamically-defined charging cell. For example,
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a charging device may include multiple stacks of coils deployed across a charging
surface, and the charging device may detect the location of a device to be charged and
may select some combination of stacks of coils to provide a charging cell adjacent to
the device to be charged. In some instances, a charging cell may include, or be
characterized as a single coil. However, it should be appreciated that a charging cell
may include multiple stacked coils and/or multiple adjacent coils or stacks of coils.

[0046] FIG. 1 illustrates an example of a charging cell 100 that may be deployed and/or
configured to provide a charging surface. In this example, the charging cell 100 has a
substantially hexagonal shape that encloses one or more coils 102 constructed using
conductors, wires or circuit board traces that can receive a current sufficient to
produce an electromagnetic field in a power transfer area 104. In various
implementations, some coils 102 may have a shape that is substantially polygonal,
including the hexagonal charging cell 100 illustrated in FIG. 1. Other
implementations may provide coils 102 that have other shapes. The shape of the coils
102 may be determined at least in part by the capabilities or limitations of fabrication
technology, and/or to optimize layout of the charging cells on a substrate 106 such as
a printed circuit board substrate. Each coil 102 may be implemented using wires,
printed circuit board traces and/or other connectors in a spiral configuration. Each
charging cell 100 may span two or more layers separated by an insulator or substrate
106 such that coils 102 in different layers are centered around a common axis 108.

[0047] FIG. 2 illustrates an example of an arrangement 200 of charging cells 202 provided on
a single layer of a segment of a charging surface that may be adapted in accordance
with certain aspects disclosed herein. The charging cells 202 are arranged according
to a honeycomb packaging configuration. In this example, the charging cells 202 are
arranged end-to-end without overlap. This arrangement can be provided without
through-hole or wire interconnects. Other arrangements are possible, including
arrangements in which some portion of the charging cells 202 overlap. For example,
wires of two or more coils may be interleaved to some extent.

[0048] FIG. 3 illustrates an example of an arrangement of charging cells from two
perspectives 300, 310 when multiple layers are overlaid within a segment of a
charging surface that may be adapted in accordance with certain aspects disclosed
herein. Layers of charging cells 302, 304, 306, 308 provided within a segment of a
charging surface. The charging cells within each layer of charging cells 302, 304, 306,
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308 are arranged according to a honeycomb packaging configuration. In one example,
the layers of charging cells 302, 304, 306, 308 may be formed on a printed circuit
board that has four or more layers. The arrangement of charging cells 100 can be
selected to provide complete coverage of a designated charging area that is adjacent to
the illustrated segment.

[0049] FIG. 4 illustrates the arrangement of power transfer areas provided in a charging
surface 400 that employs multiple layers of charging cells configured in accordance
with certain aspects disclosed herein. The illustrated charging surface is constructed
from four layers of charging cells 402, 404, 406, 408. In FIG. 4, each power transfer
area provided by a charging cell in the first layer of charging cells 402 is marked
“L1”, each power transfer area provided by a charging cell in the second layer of
charging cells 404 is marked “L2”, each power transfer area provided by a charging
cell in the third layer of charging cells 406, 408 is marked “L3”, and each power
transfer area provided by a charging cell in the first layer of charging cells 408 is

marked “L4”.

Locating Devices on a Charging Surface

[0050] In accordance with certain aspects disclosed herein, location sensing may rely on
changes in some property of the electrical conductors that form coils in a charging
cell. Measurable differences in properties of the electrical conductors may include
capacitance, resistance, inductance and/or temperature. In some examples, loading of
the charging surface can affect the measurable resistance of a coil located near the
point of loading. In some implementations, sensors may be provided to enable
location sensing through detection of changes in touch, pressure, load and/or strain.

[0051] Certain aspects disclosed herein provide apparatus and methods that can sense the
location of low-power devices that may be freely placed on a charging surface using
differential capacitive sense techniques. FIG. 5 illustrates an example 500 of the use
of differential capacitive sense to detect location and/or orientation of a mobile
communication device or other object 512. One or more coils 504 are provided on a
surface of a printed circuit board 502, substrate or other type of carrier. Capacitive
coupling (illustrated by the dashed lines 510) can be attributed to an effective
capacitance 508 be measurable between pairs of the coils 504. Capacitance may be
measured using a circuit coupled to each of the coils 504. An object 512, such as a

chargeable device can increase or decrease the apparent capacitance 508 between the
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pairs of the coils 504. The object 512 may modify the capacitive coupling (illustrated
by the dashed lines 520) between the pairs of the coils 504. In one example, the object
512 may affect the dielectric properties of an overlay 506, provide an alternative
capacitive circuit through the object 512 and/or produce some other change in
electrical characteristic that increases or decreases the measured or apparent value of
the capacitance 508 between the pairs of the coils 504. The measured difference
caused by the object 512 may be referred to as differential capacitance.

[0052] A charging device can use differential capacitive sensing to locate devices anywhere
on charging surface that includes a coil array provided according to certain aspects
disclosed herein. The charging device may then determine one or more of the coils
504 that can be used to provide optimal charging of the device, which may be referred
to as a receiving device.

[0053] The use of differential capacitive sensing enables an extremely low-power detection
and location operation in comparison to conventional detection techniques.
Conventional techniques used in current wireless charging applications for detecting
devices employ “ping” methods that drive the transmitting coil and consume
substantial power (e.g., 100-200mW). The field generated by the transmitting coil is
used to detect a receiving device. Differential capacitive sensing does not require
powering the transmitting coil to detect presence of a receiving device and requires no
additional sensing elements. The coils used in the coil array can serve as the
capacitive sense elements used to find a receiving device and/or to identify physical
location of the receiving device.

[0054] Differential capacitive sensing operates by measuring the differential capacitance
between two adjacent coils. Differences and/or changes in capacitance can identify
presence of the receiving device, without the need for a ground plane or additional
conductive sense elements. Differential capacitive sensing provides a high-speed
methodology that enables rapid detection of receiving devices by eliminating the need
to wait for a response transmitted by a receiving device in response to a ping.
Differential capacitive sensing can also sense receiving devices that have insufficient
stored power to respond to a ping or query from the charging device.

[0055] According to certain aspects, presence, position and/or orientation of a receiving
device may be determined using differential capacitive sensing or another location

sensing technique that involves, for example, detecting differences or changes in
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capacitance, resistance, inductance, touch, pressure, temperature, load, strain, and/or
another appropriate type of sensing. Location sensing may be employed to determine
an approximate location of the device to be charged and enable a charging device to
determine if a compatible device has been placed on the charging surface. For
example, the charging device may determine that a compatible device has been placed
on the charging surface by sending an intermittent test signal (ping) that causes a
compatible device to respond. The charging device may be configured to activate one
or more coils in at least one charging cell after determining receiving a response
signal defined by standard, convention, manufacturer or application. In some
examples, the compatible device can respond to a ping by communicating received
signal strength such that the charging device can find an optimal charging cell to be
used for charging the compatible device.

[0056] In one example, a controller, state machine or other processing device may be
configured to measure a capacitance attributable to one or more coils in a charging
cell, and to determine whether the measured capacitance indicates proximity of a
receiving device or corresponding coil in a receiving device. In some instances, the
capacitance may be measured as a difference in capacitance in a sensing circuit. The
controller, state machine or other processing device may maintain information that
identifies expected capacitance associated with each charging cell when no receiving
device is present. Differences in measured capacitance may then be used to determine
that a receiving device is located near the charging cell. The size of the difference
may be indicative of the distance between charging cell and the receiving device.

[0057] In some implementations, the controller, state machine or other processing device
may maintain one or more profiles of the charging surface. The profiles may relate
individual or groups of charging cells to expected capacitance measurements, last
measured capacitances and/or historical likelihoods of capacitance values when a
receiving device is present.

[0058] According to certain aspects, presence, position and/or orientation of a receiving
device may be determined by searching the charging cells for differences in
capacitance using a search pattern. The search pattern may be pseudo-random to
improve average time to detect a charging device. In some implementations, the
starting point of the search may be selected based on a history of measurements

captured when a receiving device was in proximity and receiving charge. In some
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implementations, an initial group of charging cells may be prioritized for searching
based on a history of measurements captured when a receiving device was in
proximity and receiving charge.

[0059] FIG. 6 illustrates certain aspects of a search conducted in a grouping of coils that
includes multiple coils 602, 604, 606, 608, 622, 624, 626, 628. In some
implementations, a search may be conducted by measuring differences in measurable
properties of different groupings of coils 600, 620. In the illustrated example, a
combined property of a first grouping of coils 600 that includes coils 602, 604, 606,
608 may be assessed independently of the combined property of a second grouping of
coils 620 that includes coils 622, 624, 626, 628. The groupings of coils 600, 620 may
be selected to increase the quantity to be measured through aggregation, or to cover a
wider area during a single measurement. In one example, the capacitance associated
with a stack of coils may be measured as an aggregate. In another example, the
capacitance of coils at different locations in a charging surface may be measured to
enable rapid detection of a device to be charged that is placed on the charging surface
serviced by the measured coils.

[0060] FIGs. 7 and 8 illustrate certain aspects of a search conducted using differential
capacitive sensing. FIG. 7 illustrates a two-dimensional view (X axis 702 and Y axis
704) of a charging surface 700, which is provided with one or more charging cells that
include the three illustrated charging coils 706, 708, 710. Certain aspects illustrated
by FIG. 7 are also applicable to searches involving individual coils within a charging
coils 706, 708, 710 or spread throughout a charging surface 700 and/or in a three-
dimensional space. In the illustrated example, the charging coils 706, 708, 710 are the
first three charging coils tested during a search, which may be conducted as a
pseudorandom search. The search commences at a first charging coil 706. The search
pattern may cause testing to move 712 to a second charging coil 708, and may then
cause testing to move 714 to a third charging coil 710. The search may be conducted
to identify the general location of a receiving device and may be stopped when a
measurement indicating presence of a receiving device is obtained. A second, area-
specific search may then be conducted around the charging coil 706, 708, 710.

[0061] FIG. 8 is a flowchart 800 illustrating a search process that may be conducted by a
charging device to determine if, or where, a device to be charged has been placed on a

charging surface. The flowchart 800 may relate to individual coils provided within a
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charging device, to groups of coils stacked in proximity along a common axis, and/or
groups of coils provided in a single charging coil 706, 708, 710 or servicing an area of
interest of the charging surface (see also FIG. 6).

[0062] At block 802, an initial coil or group of coils is selected as a starting for the search.
The starting point may be selected using a pseudorandom number generator, or the
like. In some instances, the starting point may be selected from a group of potential
starting points that may be known or expected to be near locations that have a higher
probability that a device to be charged to be present. For example, a charging device
may maintain a history of searches and/or charging events that identify the location of
a device that was charged and/or the charging coils or charging cells that are most
frequently activated to charge devices.

[0063] At block 804, the charging device may obtain measurements of capacitance of
conductors in one or more coils, or some other property associated with the coils or
charging surface that may be altered in the presence of a device to be charged. The
charging device may determine if the value measured property has changed from a
previously measured value of the property, a nominal value, and/or values measured
at a different site on the charging surface.

[0064] If a change is detected at block 804, the charging device may update a profile of the
charging surface at block 808. For example, the profile may be modified to reflect the
new value and/or the size of the change in the value. The profile may be used to map
the potential location of a device to be charged and/or to remap or unmap devices that
have been moved or removed from the charging surface. In some instances, the
detection of a change or difference in the measured property may cause the charging
device to initiate a ping using a charging coil that exhibited a change or triggering
property value. If no change was detected at block 806, or no charging process
initiated at block 808, the search may continue at block §10.

[0065] At block 810, the charging device may select a next coil to be measured. The
selection may be made based on a pseudorandom sequence, using a pseudorandom
number generator to select a next coil. If at block 812 it is determined that all coils to
be tested have been tested, the search may be terminated. If additional coils remain to
be tested, the search may continue at block 804.

[0066] When a search identifies a potential device placement on the charging surface, the

charging device may begin a ping procedure to identify a charging cell, a combination

14



WO 2019/165383 PCT/US2019/019457

of charging cells and/or a combination of coils that are to be activated to charge the
device placed on the charging surface. The ping procedure verifies that the device to
be charged is compatible with the charging device, and may identify a signal strength
indicating whether the coils used to transmit the ping are best positioned for the
requested or desired charging procedure.

[0067] Significant power savings can be achieved when a search is conducted to locate a
device placed on or near in a multi-coil, free position charging pad before using pings
to establish that the device is configured to receive charge from a wireless charging
device. The savings in power consumption can be obtained by refraining from
providing pings until a device is detected in a search, and by limiting ping
transmissions to transmitting coils that are placed in proximity to the detected device
and likely to be capable of establishing an electromagnetic charging connection with

the detected device.

Passive Ping

[0068] Wireless charging devices may be adapted in accordance with certain aspects
disclosed herein to support a low-power discovery technique that can replace and/or
supplement conventional ping transmissions. A conventional ping is produced by
driving a resonant LC circuit that includes a transmitting coil of a base station. The
base station then waits for an ASK-modulated response from the receiving device. A
low-power discovery technique may include utilizing a passive ping to provide fast
and/or low-power discovery. According to certain aspects, a passive ping may be
produced by driving a network that includes the resonant LC circuit with a fast pulse
that includes a small amount of energy. The fast pulse excites the resonant LC circuit
and causes the network to oscillate at its natural resonant frequency until the injected
energy decays and is dissipated. In one example, the fast pulse may have a duration
corresponding to a half cycle of the resonant frequency of the network and/or the
resonant LC circuit. When the base station is configured for wireless transmission of
power within the frequency range 100 kHz to 200 kHz, the fast pulse may have a
duration that is less than 2.5 ps.

[0069] The passive ping may be characterized and/or configured based on the natural
frequency at which the network including the resonant LC circuit rings, and the rate
of decay of energy in the network. The ringing frequency of the network and/or

resonant LC circuit may be defined as:
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w=— (Eq. 1)

[0070] The rate of decay is controlled by the quality factor (Q factor) of the oscillator

network, as defined by:

1 |L

Q=<3 (Eq. 2)

[0071] Equations 1 and 2 show that resonant frequency is affected by L and C, while the Q
factor is affected by L, C and R. In a base station provided in accordance with certain
aspects disclosed herein, the wireless driver has a fixed value of C determined by the
selection of the resonant capacitor. The values of L and R are determined by the
wireless transmitting coil and by an object or device placed adjacent to the wireless
transmitting coil.

[0072] The wireless transmitting coil is configured to be magnetically coupled with a
receiving coil in a device placed within close proximity of the transmitting coil, and to
couple some of its energy into the proximate device to be charged. The L and R
values of the transmitter circuit can be affected by the characteristics of the device to
be charged, and/or other objects within close proximity of the transmitting coil. As an
example, if a piece of ferrous material with a high magnetic permeability placed near
the transmitter coils can increase the total inductance (L) of the transmitter coil,
resulting in a lower resonant frequency, as shown by Equation 1. Some energy may be
lost through heating of materials due to eddy current induction, and these losses may
be characterized as an increase the value of R thereby lowering the Q factor, as shown
by Equation 2.

[0073] A wireless receiver placed in close proximity to the transmitter coil can also affect the
Q factor and resonant frequency. The receiver may include a tuned LC network with a
high Q which can result in the transmitter coil having a lower Q factor. The resonant
frequency of the transmitter coil may be reduced due to the addition of the magnetic
material in the receiver, which is now part of the total magnetic system. Table 1
illustrates certain effects attributable to different types of objects placed within close

proximity to the transmitter coil.

None present Base Value Base value Base Value (High) Base Value

Ferrous Small Increase | Large Increase Large Decrease Small Decrease

Non-ferrous Small Decrease | Large Increase Large Decrease Small Increase

Wireless Receiver | Large Increase | Small Decrease Small Decrease Large Decrease
Table 1
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[0074] FIG. 9 illustrates a wireless transmitter 900 that may be provided in a charger base
station. A controller 902 may receive a feedback signal filtered or otherwise
processed by a filter circuit 908. The controller may control the operation of a driver
circuit 904 that provides an alternating current to a resonant circuit 906 that includes a
capacitor 912 and inductor 914. The voltage 916 measured at an LC node 910 of the
resonant circuit 906.

[0075] Passive ping techniques may use the voltage and/or current measured or observed at
the LC node 910 to identify the presence of a receiving coil in proximity to the
charging pad of a device adapted in accordance with certain aspects disclosed herein.
In many conventional wireless charger transmitters, circuits are provided to measure
voltage at the LC node 910 or the current in the network. These voltages and currents
may be monitored for power regulation purposes and/or to support communication
between devices. In the example illustrated in FIG. 9, voltage at the LC node 910,
although it is contemplated that current may additionally or alternatively be monitored
to support passive ping. A response of the resonant circuit 906 to a passive ping
(initial voltage Vj) may be represented by the voltage (V;¢) at the LC node 910, such
that:

Vie = Voe_(%)t (Eq. 3)

[0076] FIG. 10 illustrates a first example in which a response 1000 to a passive ping decays
according to Equation 3. After the excitation pulse at time = 0, the voltage and/or
current is seen to oscillate at the resonant frequency defined by Equation 1, and with a
decay rate defined by Equation 3. The first cycle of oscillation begins at voltage level
Vo and V¢ continues to decay to zero as controlled by the Q factor and ®. The
example illustrated in FIG. 10 represents a typical open or unloaded response when no
object is present or proximate to the charging pad. In FIG. 10 the value of the Q factor
is assumed to be 20.

[0077] FIG. 11 illustrates a second example in which a response 1100 to a passive ping
decays according to Equation 3. After the excitation pulse at time = 0, the voltage
and/or current is seen to oscillate at the resonant frequency defined by Equation 1, and
with a decay rate defined by Equation 3. The first cycle of oscillation begins at
voltage level Vj and Vi continues to decay to zero as controlled by the Q factor and
®. The example illustrated in FIG. 11 represents a loaded response when an object is

present or proximate to the charging pad loads the coil. In FIG. 10 the Q factor may
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have a value of 7. V¢ oscillates at a higher in the voltage response 1100 with respect
to the voltage response 1000.

[0078] FIG. 12 illustrates a set of examples in which differences in responses 1200, 1220,
1240 may be observed. A passive ping is initiated when a driver circuit 904 excites
the resonant circuit 906 using a pulse that is shorter than 2.5 ps. Different types of
wireless receivers and foreign objects placed on the transmitter result in different
responses observable in the voltage at the LC node 910 or current in the resonant
circuit 906 of the transmitter. The differences may indicate variations in the Q factor
of the resonant circuit 906 frequency of the oscillation of V. Table 2 illustrates

certain examples of objects placed on the charging pad in relation to an open state.

None present 96.98 kHz 134 mV 4.5 20.385
Type-1 Receiver 64.39 kHz 82 mV 35 15.855
Type-2 Receiver 78.14 kHz 78 mV 35 15.855
Type-3 Receiver 76.38 kHz 122 mV 32 14.496
Misaligned Type-3 Receiver | 210.40 kHz 110 mV 2.0 9.060
Ferrous object 93.80 kHz 110 mV 2.0 9.060
Non-ferrous object 100.30 kHz 102 mV 1.5 6.795
Table 2
[0079] In Table 2, the Q factor may be calculated as follows:
N

where N is the number of cycles from excitation until amplitude falls below 0.5
Vo.

[0080] FIG. 13 is a flowchart 1300 that illustrates a method involving passive ping
implemented in a wireless charging device adapted in accordance with certain aspects
disclosed herein. At block 1302, a controller may generate a short excitation pulse and
may provide the short excitation pulse to a network that includes a resonant circuit.
The network may have a nominal resonant frequency and the short excitation pulse
may have a duration that is less than half the nominal resonant frequency of the
network. The nominal resonant frequency may be observed when the transmitting coil
of the resonant circuit is isolated from external objects, including ferrous objects, non-
ferrous objects and/or receiving coils in a device to be charged.

[0081] At block 1304, the controller may determine the resonant frequency of the network or
may monitor the decay of resonation of the network responsive to the pulse.
According to certain aspects disclosed herein, the resonant frequency and/or the Q

factor associated with the network may be altered when a device or other object is
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placed in proximity to the transmitting coil. The resonant frequency may be increased
or decreased from the nominal resonant frequency observed when the transmitting
coil of the resonant circuit is isolated from external objects. The Q factor of the
network may be increased or decreased with respect to a nominal Q factor measurable
when the transmitting coil of the resonant circuit is isolated from external objects.
According to certain aspects disclosed herein, the duration of delay can be indicative
of the presence or type of an object placed in proximity to the transmitting coil when
differences in Q factor prolong or accelerate decay of amplitude of oscillation in the
resonant circuit with respect to delays associated with a nominal Q factor.

[0082] In one example, the controller may determine the resonant frequency of the network
using a transition detector circuit configured to detect zero crossings of a signal
representative of the voltage at the LC node 910 using a comparator or the like. In
some instances, direct current (DC) components may be filtered from the signal to
provide a zero crossing. In some instances, the comparator may account for a DC
component using an offset to detect crossings of a common voltage level. A counter
may be employed to count the detected zero crossings. In another example the
controller may determine the resonant frequency of the network using a transition
detector circuit configured to detect crossings through a threshold voltage by a signal
representative of the voltage at the LC node 910, where the amplitude of the signal is
clamped or limited within a range of voltages that can be detected and monitored by
logic circuits. In this example, a counter may be employed to count transitions in the
signal. The resonant frequency of the network may be measured, estimated and/or
calculated using other methodologies.

[0083] In another example, a timer or counter may be employed to determine the time
elapsed for Vi¢ to decay from voltage level V, to a threshold voltage level. The
elapsed time may be used to represent a decay characteristic of the network. The
threshold voltage level may be selected to provide sufficient granularity to enable a
counter or timer to distinguish between various responses 1200, 1220, 1240 to the
pulse. Vzc may be represented by detected or measured peak, peak-to-peak, envelope
and/or rectified voltage level. The decay characteristic of the network may be
measured, estimated and/or calculated using other methodologies.

[0084] If at block 1306, the controller determines that a change in resonant frequency with

respect to a nominal resonant frequency indicate presence of an object in proximity to
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the transmitting coil, the controller may attempt to identify the object at block 1312. If
the controller determines at block 1306 that resonant frequency is substantially the
same as the nominal resonant frequency, the controller may consider the decay
characteristic of the amplitude of oscillation in the resonant circuit at block 1308. The
controller may determine that the resonant frequency of the network is substantially
the same as the nominal resonant frequency when the frequency remains within a
defined frequency range centered on, or including the nominal resonant frequency. In
some implementations, the controller may identify objects using changes in resonant
frequency and decay characteristics. In these latter implementations, the controller
may continue at block 1308 regardless of resonant frequency, and may use changes in
change in resonant frequency as an additional parameter when identifying an object
positioned proximately the transmission coil.

[0085] At block 1308, the controller may use a timer and/or may count the cycles of the
oscillation in the resonant circuit that have elapsed between the initial V amplitude
and a threshold amplitude used to assess the decay characteristic. In one example,
Vo/2 may be selected as the threshold amplitude. At block 1310, the number of cycles
or the elapsed time between the initial V amplitude and the threshold amplitude may
be used to characterize decay in the amplitude of oscillation in the resonant circuit,
and to compare the characterize decay with a corresponding nominal decay
characteristic. If at block 1310, no change in frequency and delay characteristic is
detected, the controller may terminate the procedure with a determination that no
object is proximately located to the transmission coil. If at block 1310, a change in
frequency and/or delay characteristic has been detected, the controller may identify
the object at block 1312.

[0086] At block 1312, the controller may be configured to identify receiving devices placed
on a charging pad. The controller may be configured to ignore other types of objects,
or receiving devices that are not optimally placed on the charging pad including, for
example, receiving devices that are misaligned with the transmission coil that
provides the passive ping. In some implementations, the controller may use a lookup
table indexed by resonant frequency, decay time, change in resonant frequency,
change in decay time and/or Q factor estimates. The lookup table may provide
information identifying specific device types, and/or charging parameters to be used

when charging the identified device or type of device.
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[0087] Passive ping uses a very short excitation pulse that can be less than a half-cycle of the
nominal resonant frequency observed at the LC node 910 in the resonant circuit 906.
A conventional ping may actively drive a transmission coil for more than 16,000
cycles. The power and time consumed by a conventional ping can exceed the power
and time use of a passive ping by several orders of magnitude. In one example, a
passive ping consumes approximately 0.25 pJ per ping with a max ping time of
around ~100 ps, while a conventional active ping consumes approximately 80 mJ per
ping with a max ping time of around 90 ms. In this example, energy dissipation may
be reduced by a factor of 320,000 and the time per ping may be reduced by a factor of
900.

[0088] Passive ping may also be coupled with another, reduced-power sensing methodology,
such as capacitive sensing. Capacitive sensing or the like can provide an ultra-low
power detection method that determines presence or non-presence of an object is in
proximity to the charging surface. After capacitive sense detection, a passive ping can
be transmitted sequentially or concurrently on each coil to produce a more accurate
map of where a potential receiving device and/or object is located. After a passive
ping procedure has been conducted, an active ping may be provided in the most likely
device locations. An example algorithm for device location sensing, identification and
charging is illustrated in FIG. 14.

[0089] FIG. 14 is a flowchart 1400 that illustrates a power transfer management procedure
involving multiple sensing and/or interrogation techniques that may be employed by a
wireless charging device implemented in accordance with certain aspects disclosed
herein. The procedure may be initiated periodically and, in some instances, may be
initiated after the wireless charging device exits a low-power or sleep state. In one
example, the procedure may be repeated at a frequency calculated to provide sub-
second response to placement of a device on a charging pad. The procedure may be
re-entered when an error condition has been detected during a first execution of the
procedure, and/or after charging of a device placed on the charging pad has been
completed.

[0090] At block 1402, a controller may perform an initial search using capacitive proximity
sensing. Capacitive proximity sensing may be performed quickly and with low power
dissipation. In one example, capacitive proximity sensing may be performed

iteratively, where one or more transmission coils is tested in each iteration. The
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number of transmission coils tested in each iteration may be determined by the
number of sensing circuits available to the controller. At block 1404, the controller
may determine whether capacitive proximity sensing has detected the presence or
potential presence of an object proximate to one of the transmission coils. If no object
is detected by capacitive proximity sensing, the controller may cause the charging
device to enter a low-power, idle and/or sleep state at block 1424. If an object has
been detected, the controller may initiate passive ping sensing at block 1406.

[0091] At block 1406, the controller may initiate passive ping sensing to confirm presence of
an object near one or more transmission coils, and/or to evaluate the nature of the
proximately-located object. Passive ping sensing may consume a similar quantity of
power but span a greater of time than capacitive proximity sensing. In one example,
each passive ping can be completed in approximately 100 us and may expend 0.25 pJ.
A passive ping may be provided to each transmission coil identified as being of-
interest by capacitive proximity sensing. In some implementations, a passive ping
may be provided to transmission coils near each transmission coil identified as being
of-interest by capacitive proximity sensing, including overlaid transmission coils. At
block 1408, the controller may determine whether passive ping sensing has detected
the presence of a potentially chargeable device proximate to one of the transmission
coils that may be a receiving device. If a potentially chargeable device has been
detected, the controller may initiate active digital ping sensing at block 1410. If no
potential chargeable device has been detected, passive ping sensing may continue at
block 1406 until all of the coils have been tested and/or the controller terminates
passive ping sensing. In one example, the controller terminates passive ping sensing
after all transmitting coils have been tested. When passive ping sensing fails to find a
potentially chargeable device, the controller the controller may cause the charging
device to enter a low-power, idle and/or sleep state. In some implementations, passive
ping sensing may be paused when a potentially chargeable device is detected so that
an active ping can be used to interrogate the potentially chargeable device. Passive
ping sensing may be resumed after the results of an active ping have been obtained.

[0092] At block 1410, the controller may use an active ping to interrogate a potentially
chargeable device. The active ping may be provided to a transmitting coil identified

by passive ping sensing. In one example, a standards-defined active ping exchange
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can be completed in approximately 90 ms and may expend 80 mJ. An active ping may
be provided to each transmission coil associated with a potentially chargeable device.

[0093] At block 1412, the controller may identify and configure a chargeable device. The
active ping provided at block 1410 may be configured to stimulate a chargeable
device such that it transmits a response that includes information identifying the
chargeable device. In some instances, the controller may fail to identify or configure a
potentially chargeable device detected by passive ping, and the controller may resume
a search based on passive ping at block 1406. At block 1414, the controller may
determine whether a baseline charging profile or negotiated charging profile should
be used to charge an identified chargeable device. The baseline, or default charging
profile may be defined by standards. In one example, the baseline profile limits
charging power to 5 W. In another example, a negotiated charging profile may enable
charging to proceed at up to 15 W. When a baseline charging profile is selected, the
controller may begin transferring power (charging) at block 1420.

[0094] At block 1416, the controller may initiate a standards-defined negotiation and
calibration process that can optimize power transfer. The controller may negotiate
with the chargeable device to determine an extended power profile that is different
from a power profile defined for the baseline charging profile. The controller may
determine at block 1418 that the negotiation and calibration process has failed and
may terminate the power transfer management procedure. When the controller
determines at block 1418 that the negotiation and calibration process has succeeded,
charging in accordance with the negotiate profile may commence at block 1420.

[0095] At block 1422, the controller may determine whether charging has been successfully
completed. In some instances, an error may be detected when a negotiated profile is
used to control power transfer. In the latter instance, the controller may attempt to
renegotiate and/or reconfigure the profile at block 1416. The controller may terminate
the power transfer management procedure when charging has been successfully

completed.

Selectively Activating Coils

[0096] According to certain aspects disclosed herein, coils in one or more charging cells may
be selectively activated to provide an optimal electromagnetic field for charging a
compatible device. In some instances, coils may be assigned to charging cells, and

some charging cells may overlap other charging cells. In the latter instances, the
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optimal charging configuration may be selected at the charging cell level. In other
instances, charging cells may be defined based on placement of a device to be charged
on a charging surface. In these other instances, the combination of coils activated for
each charging event can vary. In some implementations, a charging device may
include a driver circuit that can select one or more cells and/or one or more predefined
charging cells for activation during a charging event.

[0097] FIG. 15 illustrates a first topology 1500 that supports matrix multiplexing switching
for use in a wireless charger adapted in accordance with certain aspects disclosed
herein. The wireless charger may select one or more charging cells 100 to charge a
receiving device. Charging cells 100 that are not in use can be disconnected from
current flow. A relatively large number of charging cells 100 may be used in the
honeycomb packaging configuration illustrated in FIG. 2 requiring a corresponding
number of switches. According to certain aspects disclosed herein, the charging cells
100 may be logically arranged in a matrix 1508 having multiple cells connected to
two or more switches that enable specific cells to be powered. In the illustrated
topology 1500, a two-dimensional matrix 1508 is provided, where the dimensions
may be represented by X and Y coordinates. Each of a first set of switches 1506 is
configured to selectively couple a first terminal of each cell in a column of cells to a
wireless transmitter and/or receiver circuit 1502 that provide current to activate coils
during wireless charging. Each of a second set of switches 1504 is configured to
selectively couple a second terminal of each cell in a row of cells to the wireless
transmitter and/or receiver circuit 1502. A cell is active when both terminals of the
cell are coupled to the wireless transmitter and/or receiver circuit 1502.

[0098] The use of a matrix 1508 can significantly reduce the number of switching
components needed to operate a network of tuned LC circuits. For example, N
individually connected cells require at least N switches, whereas a two-dimensional
matrix 1508 having N cells can be operated with VN switches. The use of a matrix
1508 can produce significant cost savings and reduce circuit and/or layout
complexity. In one example, a 9-cell implementation can be implemented in a 3x3
matrix 1508 using 6 switches, saving 3 switches. In another example, a 16-cell
implementation can be implemented in a 4x4 matrix 1508 using 8 switches, saving 8

switches.
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[0099] During operation at least 2 switches are closed to actively couple one coil to a
wireless transmitter and/or receiver circuit 1502. Multiple switches can be closed at
once in order to facilitate connection of multiple coils to the wireless transmitter
and/or receiver circuit 1502. Multiple switches may be closed, for example, to enable
modes of operation that drive multiple transmitting coils when transferring power to a
receiving device.

[0100] FIG. 16 illustrates a second topology 1600 in which each coil or charging cell is
individually and/or directly driven by a driver circuit 1602 in accordance with certain
aspects disclosed herein. The driver circuit 1602 may be configured to select one or
more coils or charging cells 100 from a group of coils 1604 to charge a receiving
device. It will be appreciated that the concepts disclosed here in relation to charging
cells 100 may be applied to selective activation of individual coils or stacks of coils.
Charging cells 100 that are not in use receive no current flow. A relatively large
number of charging cells 100 may be in use and a switching matrix may be employed
to drive individual coils or groups of coils. In one example, a first switching matrix
may configure connections that define a charging cell or group of coils to be used
during a charging event and a second switching matrix (see, e.g., FIG. 15) may be
used to activate the charging cell and/or group of selected coils.

[0101] The availability of direct drive to one or more coils may permit the charging device to
concurrent transmit a ping through different groupings of coils 600, 620 (see FIG. 6).

[0102] In some implementations, capacitive sense can be used to determine location by first
connecting two adjacent coils to the capacitive sense circuitry. Using these two coils
the circuitry measures the capacitance by using one or more known methods. A first
method includes applying a constant current waveform and calculating capacitance
based on changes in voltage sensed by a measuring circuit. Calculation can be based
on the following equations:

Q=C*V
Q=I*t

[0103] If a known charge is delivered (Q) by sourcing a known constant current (I) for a
specified amount of time (t), the voltage (V) can be measured from which the
capacitance (C) can be calculated. Measured capacitance can be compared to the last
recorded measured value. Certain changes in capacitance are significant enough to

indicate that the system has changed, enabling detection that something has become

part of the system (e.g., a phone).

25



WO 2019/165383 PCT/US2019/019457

[0104] Changes in capacitance can be measured through the use of an RC time constant. A
constantly varying square wave signal can be applied across a known resistance (R)
and the unknown capacitance (C or Cx). The time to charge/discharge can them be
measured using a timer and comparator. By using the time constant equation,
capacitance can be calculated. FIG. 17 illustrates an RC charging discharging cycle
1700. In accordance with certain aspects disclosed herein, the charging coils in a
wireless charger can be used as the differential sense elements.

[0105] Capacitance measurements may be taken from coils in a defined sequence until all
locations have been tested. Changes and/or magnitude of changes measured from the
coils can identify location of a device to be charged. The process can be repeated
cyclically that may repeat based on a configured interval time. The scan rate may be
selected based on a compromise between speed of detection and power draw. If lower
power draw levels are desired scan rate can be decreased at the expense of lower
detection speed or vice versa.

[0106] After sensing a device location, the location of one or more devices can be
determined. Locations may be indicated by the combination of coils that register a
large enough change in capacitance. Coils can be turned on in a first-come, first-serve
basis. As devices are added, associated coils proximate to the device can be connected
to a driver and activated. The number of devices that can be charged may be limited
by the number drivers available to service devices.

[0107] Current flow through each of the coils is defined roughly by an appropriate wireless
charging standard (e.g., the Qi standard), frequency, amplitude, etc. Certain aspects
disclosed herein relate to identifying coils in an array that should be activated using
array switches and corresponding circuitry and/or algorithms.

[0108] According to certain aspects of this disclosure, the area that can be utilized for
charging increases with the total surface area of the disclosed charging device. In
conventional wireless chargers, a single Qi coil transmitter has an effective power
transfer area that is < 9.2% (based on the A6 coil, the most commonly used coil). A
layout of coils provided in accordance with certain aspects disclosed herein can
accomplish much higher ratios for charge area vs total area. In one example, a 100mm
x 200mm, 3-device configuration has an available charging area that is 57.2% of the

charging device surface area. In another example, a 200mm x 200mm, 6-device
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configuration has an available charging area that is 63.5% of the charging device

surface area.

Batteries in Receiving Devices

[0109] FIG. 18 illustrates a battery assembly 1800 in a receiving device. Batteries that have a
standard form factor can be adapted for embedding in a device that uses Qi receiving
technology adapted according to certain aspects disclosed herein. In some instances, a
battery 1802 may be adapted for wireless charging through the addition of receiver.
The receiver may be built-in to the battery 1802, provided on a flexible printed circuit
board 1804 that wraps around the battery 1802, and/or provided within a battery
holder. In various examples, a battery 1802 that has a conventional form factor such
as AAA, AA, 9V, C, D, or other form factor may be adapted to support wireless
charging in accordance with certain aspects disclosed herein. In other examples,
batteries with a non-standard or proprietary physical form may be adapted to support
wireless charging in accordance with certain aspects disclosed herein.

[0110] In some instances, a battery 1802 need not be removed from the host device in order
to facilitate wireless charging, and a host device with special receiver may be operated
to charge batteries in any orientation orthogonal to the largest dimensional axis.

[0111] The flexible printed circuit board 1804 may have a plurality of coils 1808 configured
to present a power transfer area along at least two axes when the flexible printed
circuit board 1804 is mounted on a battery 1802. The flexible printed circuit board
1804 may have a power management circuit 1806 electrically coupled to terminals of
the battery 1802. The power management circuit 1806 may be adapted to determine
charge level of the battery 1802, receive power transferred wirelessly from a wireless
charging source, and provide a charging current to the terminals of the battery 1802
when the charge level of the battery 1802 is below a maximum threshold charge level
and the wireless charging source is transferring power through one or more of the
plurality of coils 1808.

[0112] In some examples, the axes include a pair of orthogonal axes on the surface of the
battery 1802. The flexible printed circuit board 1804 may envelop, surround or
enclose at least a portion of the battery 1802. The flexible printed circuit board 1804
may be conformed to at least a portion of the surface of the battery 1802.

[0113] In various implementations, the flexible printed circuit board 1804 has a sheet

material configured to provide electromagnetic shielding. The sheet material may be
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positioned between the plurality of coils 1808 and the battery 1802 when the flexible
printed circuit board 1804 is wrapped around the battery 1802.

[0114] In one example, the plurality of coils 1808 is formed using at least four metal layers
of the flexible printed circuit board 1804.

[0115] FIG. 19 is a block diagram 1900 illustrating the operation of a receiving device that
may be electromagnetically coupled to a wireless charger in accordance with certain
aspects disclosed herein. The receiving device may include receiver coils 1908, 1910,
1912, 1914 that respond to the electromagnetic field produced by the wireless charger
and that each contribute to a current provided to a rectifier 1906. The rectifier 1906
provides a rectified current to a power transfer controller 1904. The power transfer
controller 1904 may be configured to provide a charging voltage to a battery
management circuit 1902 that manages power transfer to a rechargeable battery cell
1920, typically through battery terminals 1916. In one example, the power transfer

controller 1904 may include a charge pump or other power conditioning circuits.

Efficient Printed Circuit Board Manufacture for Wireless Charging Surfaces

[0116] Certain charging coils disclosed herein are manufactured using printed circuit boards
that have 4 or more layers. In conventional systems, printed circuit board designs
employing more than 2 layers, it can be advantageous to have an interconnect that
passes through some layers but not all layers of the board. Blind vias penetrate a
surface on only one side of the PCB, while buried vias connect internal layers without
penetrating either surface of the PCB. The use of blind and buried vias can allow
higher density packing of circuits onto a PCB. However, the use of blind and buried
vias requires additional process steps in PCB production, that can increase cost and
time of manufacturing substantially.

[0117] According to certain aspects disclosed herein, blind and buried vias can be
implemented using standard low-cost PCB manufacturing techniques using through
holes/vias without increased time and/or cost associated with PCB manufacture and
assembly. In some instances, multiple standard-technology, low-cost PCBs may be
joined to form a laminate using an adhesive or other mechanical means to bond
boards together to form a single larger multilayer board. Interconnections can be
made by pressing in pins or soldering a bus connection between the boards.

[0118] FIG. 20 illustrates an example of a circuit 2000 (profile view as indicated at 2020)

manufactured in accordance with certain aspects disclosed herein. In some examples,
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multiple copies of the same PCB 2002, 2004 may be laminated to obtain a final
product. In some instances, one or more PCBs 2002, 2004 can be mirrored, and
layered as mirrored versions to form a single assembly with one or more PCBs 2002,
2004 that have not been mirrored. In the circuit 2000, two 2-layer PCBs 2002, 2004 of
the same design are glued or otherwise joined together. In other examples, more than
two PCBs 2002, 2004 may be layered to form the circuit 2000. The PCBs 2002, 2004
may have different layers, designs, thicknesses, etc.

[0119] In some examples, magnetic or shielding material may be provided within or with the
adhesive layer 2006 provided between PCBs 2002, 2004 to facilitate on-board
inductor operation, to shield circuits from EMI and/or for other purposes. Magnetic or
shielding material cannot easily be inserted between PCBs 2002, 2004 that form
layers of the circuit 2000, where the PCBs 2002, 2004 are obtained using
conventional manufacturing techniques.

[0120] According to certain aspects disclosed herein, a charging surface includes a first PCB
2002 having a top layer 2010 and a bottom layer 2012. The top layer 2010 and the
bottom layer 2012 may be metal, and/or insulated metal. The charging surface
includes a second PCB 2004 having a top layer 2014 and a bottom layer 2016. The
top layer 2014 and the bottom layer 2016 may be metal, and/or insulated metal. The
charging surface includes an adhesive layer 2006 joining the first printed circuit board
2002 and the second printed circuit board 2004 such that the bottom layer 2012 of the
first printed circuit board 2002 is adjacent to the top layer 2014 of the second printed
circuit board 2004. The charging surface may also include one or more interconnects
provided between the bottom layer 2012 of the first printed circuit board 2002 and the
top layer 2014 of the second printed circuit board 2004.

[0121] In one example, at least one interconnect does not penetrate the top layer 2010 of the
first printed circuit board 2002. One or more interconnects may not penetrate the
bottom layer 2016 of the second printed circuit board 2004. The adhesive layer 2006
may include openings through which at least one interconnect passes between the first
printed circuit board 2002 and the second printed circuit board 2004.

[0122] FIG. 21 illustrates an example of a charging device 2100 manufactured in accordance
with certain aspects disclosed herein.

[0123] FIG. 22 is flowchart 2200 illustrating one example of a method for detecting an

object. The method may be performed by a controller provided in a wireless charging
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apparatus. At block 2202, the controller may provide a pulse to a charging circuit. The
pulse may have a duration that is less than half the period of a nominal resonant
frequency of the charging circuit and is configured to cause an oscillation of the
charging circuit. In certain examples, the duration of the pulse may be less than half
the period of a nominal resonant frequency of the charging circuit. At block 2204, the
controller may detect a rate of decay of the oscillation of the charging circuit or a
frequency of the oscillation of the charging circuit. At block 2206, the controller may
determine that a chargeable device has been placed in proximity to a coil of the
charging circuit based on changes of characteristics of the charging circuit. In one
example the chargeable device modifies the rate of decay of the oscillation of the
charging circuit. In another example, the chargeable device causes the frequency of
oscillation of the charging circuit to vary with respect to the resonant frequency of the
charging circuit.

[0124] In certain implementations, the controller may determine a charging configuration for
the chargeable device when the coil of the charging circuit is inductively coupled to a
receiving coil in the chargeable device, and provide a charging current to the charging
circuit in accordance with the charging configuration. Determining the charging
configuration for the chargeable device may include selecting a baseline charging
configuration as the charging configuration. Determining the charging configuration
for the chargeable device may include transmitting an active ping in accordance with
standards-defined specifications for charging the chargeable device, identifying the
chargeable device from information encoded in a modulated signal received from the
chargeable device. Determining the charging configuration for the chargeable device
may include negotiating the charging configuration with the chargeable device to
provide an extended power profile used while charging the chargeable device.

[0125] In some implementations, the controller may conduct a low-power search of a
plurality of charging coils to determine if an electrical, mechanical or magnetic
characteristic of at least one charging coil has been affected by an object placed in
proximity to the at least one charging coil, and configure the charging circuit to
include the at least one charging coil.

[0126] In some implementations, the controller may detect that a change in capacitance

associated with at least one charging coil is indicative of an object placed in proximity
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to the at least one charging coil, and configure the charging circuit to include the at

least one charging coil.

Example of a Processing Circuit

[0127] FIG. 23 is a diagram illustrating an example of a hardware implementation for an
apparatus 2300 that may be incorporated in a charging device or in a receiving device
that enables a battery to be wirelessly charged. In some examples, the apparatus 2300
may perform one or more functions disclosed herein. In accordance with various
aspects of the disclosure, an element, or any portion of an element, or any
combination of elements as disclosed herein may be implemented using a processing
circuit 2302. The processing circuit 2302 may include one or more processors 2304
that are controlled by some combination of hardware and software modules.
Examples of processors 2304 include microprocessors, microcontrollers, digital signal
processors (DSPs), SoCs, ASICs, field programmable gate arrays (FPGAs),
programmable logic devices (PLDs), state machines, sequencers, gated logic, discrete
hardware circuits, and other suitable hardware configured to perform the various
functionality described throughout this disclosure. The one or more processors 2304
may include specialized processors that perform specific functions, and that may be
configured, augmented or controlled by one of the software modules 2316. The one or
more processors 2304 may be configured through a combination of software modules
2316 loaded during initialization, and further configured by loading or unloading one
or more software modules 2316 during operation.

[0128] In the illustrated example, the processing circuit 2302 may be implemented with a bus
architecture, represented generally by the bus 2310. The bus 2310 may include any
number of interconnecting buses and bridges depending on the specific application of
the processing circuit 2302 and the overall design constraints. The bus 2310 links
together various circuits including the one or more processors 2304, and storage 2306.
Storage 2306 may include memory devices and mass storage devices, and may be
referred to herein as computer-readable media and/or processor-readable media. The
storage 2306 may include transitory storage media and/or non-transitory storage
media.

[0129] The bus 2310 may also link various other circuits such as timing sources, timers,
peripherals, voltage regulators, and power management circuits. A bus interface 2308

may provide an interface between the bus 2310 and one or more transceivers 2312. In
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one example, a transceiver 2312 may be provided to enable the apparatus 2300 to
communicate with a charging or receiving device in accordance with a standards-
defined protocol. Depending upon the nature of the apparatus 2300, a user interface
2318 (e.g., keypad, display, speaker, microphone, joystick) may also be provided, and
may be communicatively coupled to the bus 2310 directly or through the bus interface
2308.

[0130] A processor 2304 may be responsible for managing the bus 2310 and for general
processing that may include the execution of software stored in a computer-readable
medium that may include the storage 2306. In this respect, the processing circuit
2302, including the processor 2304, may be used to implement any of the methods,
functions and techniques disclosed herein. The storage 2306 may be used for storing
data that is manipulated by the processor 2304 when executing software, and the
software may be configured to implement any one of the methods disclosed herein.

[0131] One or more processors 2304 in the processing circuit 2302 may execute software.
Software shall be construed broadly to mean instructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications,
software applications, software packages, routines, subroutines, objects, executables,
threads of execution, procedures, functions, algorithms, etc., whether referred to as
software, firmware, middleware, microcode, hardware description language, or
otherwise. The software may reside in computer-readable form in the storage 2306 or
in an external computer-readable medium. The external computer-readable medium
and/or storage 2306 may include a non-transitory computer-readable medium. A non-
transitory computer-readable medium includes, by way of example, a magnetic
storage device (e.g., hard disk, floppy disk, magnetic strip), an optical disk (e.g., a
compact disc (CD) or a digital versatile disc (DVD)), a smart card, a flash memory
device (e.g., a “flash drive,” a card, a stick, or a key drive), RAM, ROM, a
programmable read-only memory (PROM), an erasable PROM (EPROM) including
EEPROM, a register, a removable disk, and any other suitable medium for storing
software and/or instructions that may be accessed and read by a computer. The
computer-readable medium and/or storage 2306 may also include, by way of
example, a carrier wave, a transmission line, and any other suitable medium for
transmitting software and/or instructions that may be accessed and read by a

computer. Computer-readable medium and/or the storage 2306 may reside in the
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processing circuit 2302, in the processor 2304, external to the processing circuit 2302,
or be distributed across multiple entities including the processing circuit 2302. The
computer-readable medium and/or storage 2306 may be embodied in a computer
program product. By way of example, a computer program product may include a
computer-readable medium in packaging materials. Those skilled in the art will
recognize how best to implement the described functionality presented throughout this
disclosure depending on the particular application and the overall design constraints
imposed on the overall system.

[0132] The storage 2306 may maintain software maintained and/or organized in loadable
code segments, modules, applications, programs, etc., which may be referred to herein
as software modules 2316. Each of the software modules 2316 may include
instructions and data that, when installed or loaded on the processing circuit 2302 and
executed by the one or more processors 2304, contribute to a run-time image 2314
that controls the operation of the one or more processors 2304. When executed,
certain instructions may cause the processing circuit 2302 to perform functions in
accordance with certain methods, algorithms and processes described herein.

[0133] Some of the software modules 2316 may be loaded during initialization of the
processing circuit 2302, and these software modules 2316 may configure the
processing circuit 2302 to enable performance of the various functions disclosed
herein. For example, some software modules 2316 may configure internal devices
and/or logic circuits 2322 of the processor 2304, and may manage access to external
devices such as a transceiver 2312, the bus interface 2308, the user interface 2318,
timers, mathematical coprocessors, and so on. The software modules 2316 may
include a control program and/or an operating system that interacts with interrupt
handlers and device drivers, and that controls access to various resources provided by
the processing circuit 2302. The resources may include memory, processing time,
access to a transceiver 2312, the user interface 2318, and so on.

[0134] One or more processors 2304 of the processing circuit 2302 may be multifunctional,
whereby some of the software modules 2316 are loaded and configured to perform
different functions or different instances of the same function. The one or more
processors 2304 may additionally be adapted to manage background tasks initiated in
response to inputs from the user interface 2318, the transceiver 2312, and device

drivers, for example. To support the performance of multiple functions, the one or
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more processors 2304 may be configured to provide a multitasking environment,
whereby each of a plurality of functions is implemented as a set of tasks serviced by
the one or more processors 2304 as needed or desired. In one example, the
multitasking environment may be implemented using a timesharing program 2320
that passes control of a processor 2304 between different tasks, whereby each task
returns control of the one or more processors 2304 to the timesharing program 2320
upon completion of any outstanding operations and/or in response to an input such as
an interrupt. When a task has control of the one or more processors 2304, the
processing circuit is effectively specialized for the purposes addressed by the function
associated with the controlling task. The timesharing program 2320 may include an
operating system, a main loop that transfers control on a round-robin basis, a function
that allocates control of the one or more processors 2304 in accordance with a
prioritization of the functions, and/or an interrupt driven main loop that responds to
external events by providing control of the one or more processors 2304 to a handling
function.

[0135] In one implementation, the apparatus 2300 includes or operates as a wireless charging
apparatus that has a battery charging power source coupled to a charging circuit, a
plurality of charging cells and a controller, which may be included in one or more
processors 2304. The plurality of charging cells may be configured to provide a
charging surface. At least one coil may be configured to direct an electromagnetic
field through a charge transfer area of each charging cell.

[0136] The controller may be configured to provide a pulse to the charging circuit, detect a
frequency of oscillation of the charging circuit responsive to the pulse or a rate of
decay of the oscillation of the charging circuit, and determine that a chargeable device
has been placed in proximity to a coil of the charging circuit based on changes in a
characteristic of the charging circuit. The pulse may have a duration that is less than
half the period of a nominal resonant frequency of the charging circuit.

[0137] In one example, the change in the characteristic of the charging circuit causes a
change in rate of decay of the oscillation of the charging circuit. In one example, the
change in the characteristic of the charging circuit causes a change in the frequency of
oscillation of the charging circuit to vary with respect to the resonant frequency of the

charging circuit.
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[0138] In certain examples, the controller is configured to determine a charging configuration
for the chargeable device when a coil of the charging circuit is inductively coupled to
a receiving coil in the chargeable device and provide a charging current to the
charging circuit in accordance with the charging configuration. The controller may be
configured to select a baseline charging configuration as the charging configuration.
The controller may be configured to transmit an active ping in accordance with
standards-defined specifications for charging the chargeable device and identify the
chargeable device from information encoded in a modulated signal received from the
chargeable device. The controller may be configured to negotiate the charging
configuration with the chargeable device to provide an extended power profile used
while charging the chargeable device.

[0139] In one example, the controller may be configured to conduct a low-power search of
the charging surface to determine if an electrical, mechanical or magnetic
characteristic of at least one charging cell has been affected by an object placed in
proximity to the at least one charging cell and configure the charging circuit to
include the at least one charging cell.

[0140] In one example, the controller may be configured to detect that a change in
capacitance associated with at least one charging cell is indicative of an object placed
in proximity to the at least one charging cell and configure the charging circuit to
include the at least one charging cell.

[0141] In various examples, the apparatus 2300 may have a first printed circuit board having
a top metal layer and a bottom metal layer, where a first portion of the plurality of
charging cells is provided on the top metal layer of the first printed circuit board and a
second portion of the plurality of charging cells is provided on the bottom metal layer
of the first printed circuit board. The apparatus 2300 may have a second printed
circuit board having a top metal layer and a bottom metal layer, where a third portion
of the plurality of charging cells is provided on the top metal layer of the second
printed circuit board and a fourth portion of the plurality of charging cells is provided
on the bottom metal layer of the second printed circuit board. An adhesive layer may
be used to join the first printed circuit board and the second printed circuit board such
that the bottom metal layer of the first printed circuit board is adjacent to the top metal

layer of the second printed circuit board. One or more interconnects may be provided
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between the bottom metal layer of the first printed circuit board and the top metal
layer of the second printed circuit board.

[0142] In another implementation, the storage 2306 maintains instructions and information
where the instructions are configured to cause the one or more processors 2304 to
provide a pulse to a charging circuit, detect a rate of decay of oscillation of the
charging circuit or a frequency of the oscillation of the charging circuit responsive to
the pulse, and determine that a chargeable device has been placed in proximity to a
coil of the charging circuit based on changes in a characteristic of the charging circuit.
The pulse may have a duration that is less than half the period of a nominal resonant
frequency of the charging circuit.

[0143] In one example, the change in the characteristic of the charging circuit may cause a
change in rate of decay of the oscillation of the charging circuit. In one example, the
change in the characteristic of the charging circuit may cause the frequency of
oscillation of the charging circuit to vary with respect to the resonant frequency of the
charging circuit.

[0144] In various examples, the instructions may be configured to cause the one or more
processors 2304 to determine a charging configuration for the chargeable device when
the coil of the charging circuit is inductively coupled to a receiving coil in the
chargeable device, and provide a charging current to the charging circuit in
accordance with the charging configuration. The charging configuration for the
chargeable device may be determined by selecting a baseline charging configuration
as the charging configuration. The charging configuration for the chargeable device
may be determined by transmitting an active ping in accordance with standards-
defined specifications for charging the chargeable device and identifying the
chargeable device from information encoded in a modulated signal received from the
chargeable device. The charging configuration for the chargeable device may be
determined by negotiating the charging configuration with the chargeable device to
provide an extended power profile used while charging the chargeable device.

[0145] In one example, the instructions may be configured to cause the one or more
processors 2304 to conduct a low-power search of a plurality of charging coils to
determine if an electrical, mechanical or magnetic characteristic of at least one

charging coil has been affected by an object placed in proximity to the at least one
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charging coil, and configure the charging circuit to include the at least one charging
coil.

[0146] In one example, the instructions may be configured to cause the one or more
processors 2304 to detect that a change in capacitance associated with at least one
charging coil is indicative of an object placed in proximity to the at least one charging
coil, and configure the charging circuit to include the at least one charging coil.

[0147] In another implementation, the apparatus 2300 includes or operates as charging
device. The charging device may have a first printed circuit board having a top metal
layer and a bottom metal layer, where a first plurality of charging cells is provided on
the top metal layer of the first printed circuit board and a second plurality of charging
cells is provided on the bottom metal layer of the first printed circuit board. The
charging device may have a second printed circuit board having a top metal layer and
a bottom metal layer, where a third plurality of charging cells is provided on the top
metal layer of the second printed circuit board and a fourth plurality of charging cells
is provided on the bottom metal layer of the second printed circuit board. An adhesive
layer may join the first printed circuit board and the second printed circuit board such
that the bottom metal layer of the first printed circuit board is adjacent to the top metal
layer of the second printed circuit board. One or more interconnects may be provided
between the bottom metal layer of the first printed circuit board and the top metal
layer of the second printed circuit board. In some instances, each charging cell in the
first plurality of charging cells, the second plurality of charging cells, the third
plurality of charging cells and the fourth plurality of charging cells may be energized
independently of the other charging cells provided in the charging device.

[0148] In one example, at least one of the first printed circuit board and the second printed
circuit board has one or more internal metal layers provided between the top metal
layer and the bottom metal layer. Additional charging cells may be provided on the
one or more internal metal layers.

[0149] In certain examples, the first printed circuit board and the second printed circuit board
present a charging surface to a device to be charged. Each charging cell in the first
plurality of charging cells, the second plurality of charging cells, the third plurality of
charging cells and the fourth plurality of charging cells may have a coil that surrounds
a portion of power transfer area associated with the charging surface. The charging

surface may correspond to the top metal layer of the first printed circuit board. A set
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of switches may be operable to selectively couple at least one charging cell in the
charging device to a power source and a controller configured to select the at least one
charging cell based on an orientation or location of the device to be charged with
respect to the charging surface. A detection circuit may be coupled to charging cells
on at least one layer of at least one printed circuit board, the detection circuit being
configured to detect differences in capacitance associated with two or more charging
cells.

[0150] The controller may be further configured to select the at least one charging cell based
on the differences in capacitance. The controller may be further configured to select
polarity and level of a current provided to the at least one charging cell based on the
differences in capacitance. The controller may be further configured to determine a
change in the differences in capacitance associated with the two or more charging
cells and modify the polarity or the level of the current provided to the at least one
charging cell based on the change in differences in capacitance. The controller may be
further configured to determine orientation or location of the device to be charged
based on the differences in capacitance. The controller may be further configured to
periodically search for the device to be charged by determining capacitance measured
at each charging cell in a sequence of charging cells. The sequence of charging cells
may be generated pseudorandomly between consecutive searches. The controller may
be further configured to select a starting point for the device to be charged.

[0151] In one example, at least one interconnect does not penetrate the top metal layer of the
first printed circuit board. In one example, at least one interconnect does not penetrate
the bottom metal layer of the second printed circuit board. In one example, the
adhesive layer includes openings through which at least one interconnect passes
between the first printed circuit board and the second printed circuit board. In one
example, each of the first printed circuit board and the second printed circuit board
has a flexible printed circuit board. In one example, each of the first printed circuit
board and the second printed circuit board has a non-planar printed circuit board.

[0152] In another implementation, the apparatus 2300 has a flexible circuit that includes a
plurality of coils configured to present a power transfer area along at least two axes
when the flexible circuit is mounted on a battery and a power management circuit
electrically coupled to the battery. The power management circuit may be configured

or adapted to determine charge level of the battery, receive power transferred
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wirelessly from a wireless charging source, and provide a charging current to the
battery when the charge level of the battery is below a maximum threshold charge
level and the wireless charging source is transferring power through one or more of
the plurality of coils.

[0153] In one example, at least two axes include a pair of orthogonal axes on a surface of the
battery. The flexible circuit may envelop at least a portion of the battery. In one
example, the flexible circuit includes a sheet material configured to provide
electromagnetic shielding. The sheet material may be positioned between the plurality
of coils and the battery when the flexible circuit is wrapped around the battery. In one
example, the plurality of coils is formed in at least four metal layers of the flexible
circuit.

[0154] The previous description is provided to enable any person skilled in the art to practice
the various aspects described herein. Various modifications to these aspects will be
readily apparent to those skilled in the art, and the generic principles defined herein
may be applied to other aspects. Thus, the claims are not intended to be limited to the
aspects shown herein, but is to be accorded the full scope consistent with the language
claims, wherein reference to an element in the singular is not intended to mean “one
and only one” unless specifically so stated, but rather “one or more.” Unless
specifically stated otherwise, the term “some” refers to one or more. All structural and
functional equivalents to the elements of the various aspects described throughout this
disclosure that are known or later come to be known to those of ordinary skill in the
art are expressly incorporated herein by reference and are intended to be encompassed
by the claims. Moreover, nothing disclosed herein is intended to be dedicated to the
public regardless of whether such disclosure is explicitly recited in the claims. No
claim element is to be construed under the provisions of 35 U.S.C. §112, sixth
paragraph, unless the element is expressly recited using the phrase “means for” or, in

the case of a method claim, the element is recited using the phrase “step for.”
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CLAIMS

What is claimed is:

1. A method for detecting an object, comprising:

providing a pulse to a charging circuit, wherein the pulse has a duration that is
less than half the period of a nominal resonant frequency of the charging circuit and is
configured to cause an oscillation of the charging circuit;

detecting a rate of decay of the oscillation of the charging circuit or a
frequency of the oscillation of the charging circuit; and

determining that a chargeable device has been placed in proximity to a coil of

the charging circuit based on changes in a characteristic of the charging circuit.

2. The method of claim 1, wherein a change in the characteristic of the charging

circuit causes a change in rate of decay of the oscillation of the charging circuit.

3. The method of claim 1, wherein a change in the characteristic of the charging
circuit causes the frequency of the oscillation of the charging circuit to vary with

respect to the nominal resonant frequency of the charging circuit.

4. The method of claim 1, further comprising:

determining a charging configuration for the chargeable device when the coil
of the charging circuit is inductively coupled to a receiving coil in the chargeable
device; and

providing a charging current to the charging circuit in accordance with the

charging configuration.

5. The method of claim 4, wherein determining the charging configuration for
the chargeable device comprises:

selecting a baseline charging configuration as the charging configuration.

6. The method of claim 4, wherein determining the charging configuration for
the chargeable device comprises:
transmitting an active ping in accordance with standards-defined specifications

for charging the chargeable device; and
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identifying the chargeable device from information encoded in a modulated

signal received from the chargeable device.

7. The method of claim 4, wherein determining the charging configuration for
the chargeable device comprises:
negotiating the charging configuration with the chargeable device to provide

an extended power profile used while charging the chargeable device.

8. The method of claim 1, further comprising:

conducting a low-power search of a plurality of charging coils to determine if
an electrical, mechanical or magnetic characteristic of at least one charging coil has
been affected by an object placed in proximity to the at least one charging coil; and

configuring the charging circuit to include the at least one charging coil.

9. The method of claim 1, further comprising:
detecting that a change in capacitance associated with at least one charging
coil is indicative of an object placed in proximity to the at least one charging coil; and

configuring the charging circuit to include the at least one charging coil.

10. A wireless charging apparatus, comprising:

a battery charging power source coupled to a charging circuit;

a plurality of charging cells configured to provide a charging surface, wherein
at least one coil is configured to direct an electromagnetic field through a charge
transfer area of each charging cell; and

a controller configured to:

provide a pulse to a charging circuit, wherein the pulse has a duration that
is less than half the period of a nominal resonant frequency of the
charging circuit and is configured to cause an oscillation of the
charging circuit;

detect a rate of decay of the oscillation of the charging circuit or a
frequency of the oscillation of the charging circuit; and

determine that a chargeable device has been placed in proximity to a coil
of the charging circuit based on changes in a characteristic of the

charging circuit.
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11. The wireless charging apparatus of claim 10, wherein a change in the
characteristic of the charging circuit causes a change in rate of decay of the oscillation

of the charging circuit.

12. The wireless charging apparatus of claim 10, wherein a change in the
characteristic of the charging circuit causes the frequency of the oscillation of the
charging circuit to vary with respect to the nominal resonant frequency of the

charging circuit.

13. The wireless charging apparatus of claim 10, wherein the controller is
configured to:

determine a charging configuration for the chargeable device when a coil of
the charging circuit is inductively coupled to a receiving coil in the chargeable device;
and

provide a charging current to the charging circuit in accordance with the

charging configuration.

14. The wireless charging apparatus of claim 13, wherein the controller is
configured to:

select a baseline charging configuration as the charging configuration.

15. The wireless charging apparatus of claim 13, wherein the controller is
configured to:

transmit an active ping in accordance with standards-defined specifications for
charging the chargeable device; and

identify the chargeable device from information encoded in a modulated signal

received from the chargeable device.

16. The wireless charging apparatus of claim 13, wherein the controller is
configured to:
negotiate the charging configuration with the chargeable device to provide an

extended power profile used while charging the chargeable device.
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17. The wireless charging apparatus of claim 10, wherein the controller is
configured to:

conduct a low-power search of the charging surface to determine if an
electrical, mechanical or magnetic characteristic of at least one charging cell has been
affected by an object placed in proximity to the at least one charging cell; and

configure the charging circuit to include the at least one charging cell.

18. The wireless charging apparatus of claim 10, wherein the controller is
configured to:

detect that a change in capacitance associated with at least one charging cell is
indicative of an object placed in proximity to the at least one charging cell; and

configure the charging circuit to include the at least one charging cell.

19. The wireless charging apparatus of claim 10, further comprising:

a first printed circuit board having a top metal layer and a bottom metal layer,
wherein a first portion of the plurality of charging cells is provided on the top metal
layer of the first printed circuit board and a second portion of the plurality of charging
cells is provided on the bottom metal layer of the first printed circuit board;

a second printed circuit board having a top metal layer and a bottom metal
layer, wherein a third portion of the plurality of charging cells is provided on the top
metal layer of the second printed circuit board and a fourth portion of the plurality of
charging cells is provided on the bottom metal layer of the second printed circuit
board; and

an adhesive layer joining the first printed circuit board and the second printed
circuit board such that the bottom metal layer of the first printed circuit board is

adjacent to the top metal layer of the second printed circuit board.

20. The wireless charging apparatus of claim 19, further comprising:
one or more interconnects provided between the bottom metal layer of the first

printed circuit board and the top metal layer of the second printed circuit board.

21. A charging device, comprising:
a first printed circuit board having a top metal layer and a bottom metal layer,

wherein a first plurality of charging cells is provided on the top metal layer of the first

43



WO 2019/165383 PCT/US2019/019457

printed circuit board and a second plurality of charging cells is provided on the
bottom metal layer of the first printed circuit board;

a second printed circuit board having a top metal layer and a bottom metal
layer, wherein a third plurality of charging cells is provided on the top metal layer of
the second printed circuit board and a fourth plurality of charging cells is provided on
the bottom metal layer of the second printed circuit board;

an adhesive layer joining the first printed circuit board and the second printed
circuit board such that the bottom metal layer of the first printed circuit board is
adjacent to the top metal layer of the second printed circuit board; and

one or more interconnects provided between the bottom metal layer of the first
printed circuit board and the top metal layer of the second printed circuit board,

wherein each charging cell in the first plurality of charging cells, the second
plurality of charging cells, the third plurality of charging cells and the fourth plurality
of charging cells is energized independently of the other charging cells provided in

the charging device.

22. The charging device of claim 21, wherein at least one of the first printed
circuit board and the second printed circuit board comprises one or more internal
metal layers provided between the top metal layer and the bottom metal layer, and
wherein additional charging cells are provided on the one or more internal metal

layers.

23. The charging device of claim 21, wherein the first printed circuit board and the

second printed circuit board present a charging surface to a device to be charged.

24. The charging device of claim 23, wherein each charging cell in the first
plurality of charging cells, the second plurality of charging cells, the third plurality of
charging cells and the fourth plurality of charging cells comprises a coil surrounding a

portion of power transfer area associated with the charging surface.

25. The charging device of claim 23, wherein the charging surface corresponds to

the top metal layer of the first printed circuit board.
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26. The charging device of claim 23, further comprising:

a set of switches operable to selectively couple at least one charging cell in the
charging device to a power source; and

a controller configured to select the at least one charging cell based on an
orientation or location of the device to be charged with respect to the charging

surface.

27. The charging device of claim 26, further comprising:

a detection circuit coupled to charging cells on at least one layer of at least one
printed circuit board, the detection circuit being configured to detect differences in
capacitance associated with two or more charging cells,

wherein the controller is further configured to select the at least one charging

cell based on the differences in capacitance.

28. The charging device of claim 27, wherein the controller is further configured
to:
select polarity and level of a current provided to the at least one charging cell

based on the differences in capacitance.

29. The charging device of claim 28, wherein the controller is further configured
to:

determine a change in the differences in capacitance associated with the two or
more charging cells; and

modify the polarity or the level of the current provided to the at least one

charging cell based on the change in differences in capacitance.

30. The charging device of claim 27, wherein the controller is further configured
to:
determine orientation or location of the device to be charged based on the

differences in capacitance.

31. The charging device of claim 30, wherein the controller is further configured
to:
periodically search for the device to be charged by determining capacitance

measured at each charging cell in a sequence of charging cells,
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wherein the sequence of charging cells is generated pseudorandomly between

consecutive searches.

32. The charging device of claim 26, wherein the controller is further configured
to:

select a starting point for the device to be charged.

33. The charging device of claim 21, wherein at least one interconnect does not

penetrate the top metal layer of the first printed circuit board.

34. The charging device of claim 21, wherein at least one interconnect does not

penetrate the bottom metal layer of the second printed circuit board.

35. The charging device of claim 21, wherein the adhesive layer includes openings
through which at least one interconnect passes between the first printed circuit board

and the second printed circuit board.

36. The charging device of claim 21, wherein each of the first printed circuit board

and the second printed circuit board comprises a flexible printed circuit board.

37. The charging device of claim 21, wherein each of the first printed circuit board

and the second printed circuit board comprises a non-planar printed circuit board.

38. A flexible circuit, comprising:
a plurality of coils configured to present a power transfer area along at least
two axes when the flexible circuit is mounted on a battery; and
a power management circuit electrically coupled to the battery and adapted to:
determine charge level of the battery;
receive power transferred wirelessly from a wireless charging source; and
provide a charging current to the battery when the charge level of the
battery is below a maximum threshold charge level and the wireless
charging source is transferring power through one or more of the

plurality of coils.

39. The flexible circuit of claim 38, wherein the at least two axes include a pair of
orthogonal axes on a surface of the battery, and wherein the flexible circuit envelops

at least a portion of the battery.
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40. The flexible circuit of claim 38, and further comprising:
a sheet material configured to provide electromagnetic shielding, wherein the
sheet material is positioned between the plurality of coils and the battery when the

flexible circuit is wrapped around the battery.

41. The flexible circuit of claim 38, wherein the plurality of coils is formed in at

least four metal layers of the flexible circuit.

47



PCT/US2019/019457

WO 2019/165383

1/23

(01) oIy IdJSuelL], IoMOd

(ToD) 110D

I "OIA

& & &
o o o

&
A A G

, o
& i
L A
A A A T A A G

[10D) [rUOSeXdY

MITA S[oId

MIIA dog,

001



WO 2019/165383

2/23

PCT/US2019/019457

/\/N

200




PCT/US2019/019457

WO 2019/165383

3/23

£ OIA

L 4

1

L 4

|

\

\

“ g0¢

“ 90¢

. {
Cpoe \-70€

\II,/ \\l lllll -< \II,/ \\l lllll II/
\ ’ N7 \ ’ \
/ /
\/ \
yemeeeee [N S .~ ———— N \
P R
4
/ \ / \\ [ \ / \\ / Ia
/ / S ‘ 3
¢ T AR ¢ S 1 oo
\ / K o/ / \ 7 /
4 ) K by S \ 4 /
\ J 4 N v \ 4 /
— = eeeeeeecle.. ! { 3 [ \:uuo: |||||| ;
-\\ ﬁ—— ..—. .\ \0\ ooo /
’ \ ‘ , /
\ . " ’
U () Voiidddaamaadt . Y -
s\ SITTTITITIION Y promommammny " —— ~ \
\- ... .... —- \ .\.. .-.» -a- \
. '3 Y ) o Y
s K \ N o i N X \
H P Y e mcccncacaans’ ! 2 bt ] \
[ kY # y eo" ~ ! £ By '
Py kS s \e b kS 7 LIRN \
/N \ SN \
) kS ; ®, S S ’ 5 \
/ N \, 5 . \ 5 & \
e Niiiiiiiaiad s K ) |
\ LN P, \ K 7 ]
/ oa n~~ .\ ..‘- X ~~ \\ 7
\ ™ o7 . < / 7
e e rnessagenans - ’ & [ ot mied /
7 H 5 ..a [Tl Ty qreces - /
\ . J ; \ /
/ \ ’ /
sz A ’ N ~
o — — -  SEeeemeseeed — — L " 90¢

80¢

MITA d[Joid

e
01¢

MIIA dog,

00€



WO 2019/165383

PCT/US2019/019457

4/23

6@@@
82656

402 i

400

FIG. 4



PCT/US2019/019457

WO 2019/165383

5/23

(908) AeproaQ BOIY I9JSURL], I9MOJ
— C0S
«
—
(905) £e[1940
— <08
v
805 d0d 805
poo [ ], mod [ [ 19 -« bOS
— KW lllnllllt\\\\s voo 'ollllOllH\\\ 0
Ke[IaA <= Saast
(908) Ae[10AQ oTS < o

AURYIXd A)UUIX0.I ]

00s



WO 2019/165383

1721
=
=
.5
S
Q
=
o
~Nad
7]
o
2
=
=
=
o
o
wn
J
[
e
1721
=
=
.5
S
Q
=
o
~Nad
1]
o
2
~Nad
w
=
©
=

600

6/23

§ 626

=
O

628

§ 604

§ 602

608

606

PCT/US2019/019457

FIG. 6



PCT/US2019/019457

WO 2019/165383

7/23

(ToL)

X

L OIA

X

X

N—
\/ OIL

90L

(r0L)

‘A
‘A

X

00L



PCT/US2019/019457

WO 2019/165383

8/23

8 "OIA
C D

A

ZPAYSIUL]
718 N

189) Jopun 109 XU 19[S

018 —

omyoid arepdn

808 — X

' a8ue
N (osueyn)

908

159) Jopun [109 9y} JO [eIIUISJJIP
doueoeded suruio(q

P08 —

189) JopuUn
[109 9Y) Se [109 Funiels € 199[9S

w8 —

008



PCT/US2019/019457

WO 2019/165383

9/23

6 "OIA

I9[[oNU0D)

saI JIATI(J
1 I931ey)) ssopeum |
$16 6~

016 sy

— 106

906
Suruonipuo))
916—" N / 11| Soleuy
—1806

006



PCT/US2019/019457

WO 2019/165383

10/23

(AT

KB = — — —

01 "OIA

(3) suur,
A
~V_\]
PN
\ i
WL rANE wp\..” = MM«\W

80"
90"
v 0-
(4
00
<0
0
90
80
01
[

(A)
Age)0A

0001

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/019457

WO 2019/165383

11/23

(AT

KB = — — —

0¢C

¢l

Il "OIA

() duury,
01

0

80"

m @.Ol

v 0-

Al

(4

00

<0
0
90

—

80

|

[

(A)
Age)0A

0011



PCT/US2019/019457

WO 2019/165383

12/23

4

1200

k LC Voltage Envelope

—

e Peak Detect

¢
[
'
]
'
'
.
'
]
'
'
.
'
]
1]
'
=
[
'
'
1)
'
[
'
'
1)
'
[
'
]

Unloaded LC Response

¢

v

— e —
—— em—

— —

Response Affected by Non-Ferrous Object

4

1240

Response Affected by Proximate Receiver

FIG. 12



WO 2019/165383 PCT/US2019/019457

13/23

1300

( Passive Ping )

_— 1302
Provide a pulse to a network where
the pulse has a duration that is less
than half the nominal resonant
frequency of the network

l — 1304
Determine the resonant frequency
of the network, or monitor the
decay of resonation of the network
responsive to the pulse

1306

Yes

Frequency change?

1308
No

Decay = threshold?

l’)

No "

tdecaly = Nominal

vy _—1312
Lookup Device
type

End: Object End: Object
Not Detected Detected

FIG. 13



WO 2019/165383 PCT/US2019/019457

14/23

1400

Device Location Sensing, Identification And Charging

_—1402

Perform search using
capacitive proximity sensing

1404

No object detected

Object detected?
v 1424
Low-Power
Sleep
— 1406
Passive Ping Coil N
_ 1408
Mo, nextcoll —5il identified?
— 1410
Active Digital Ping
l — 1412
Identify and Configure

1414 |
Base Profile? Yes - use base profile

— 1416

Negotiate and Calibrate
1418

el

Yes

End

— 1420

Transfer Power

: NZZ
No - renegotiate Finished? Yes

< Finished?
FIG. 14

End



PCT/US2019/019457

WO 2019/165383

15/23

ST "OIA

90IN0g

o) o)
poomTTIees . N )
| boraux | 1ATX | 1x1X
R Co T 119D 11°D
et | N1 | N1
... ........... s ) .
| bzaux || | wxix
R Co T 119D 119D
R —— —T1
| bugux oL uxex b uxax
bR b RO TN
80ST — . : : :

e

JULIND) UOTIBATIOY

Hl POSI

TA MS

CA MS

?

UX MS

y,
N— z0sT

00SI



PCT/US2019/019457

16/23

WO 2019/165383

91 "OIA

- \ )
opRux 1A TX 1A 1X
N Col 119D 119D
$1INOIID)
‘ UoNOI3S 9D
‘ pue
$20IN0OS
goTTTe T la. JuaLIn) UONBANOY
Pooaux TA TX TA IX
I CON 119D 119D
o — P — e \. /
". i } m N— 2091
PoURuUx iUATX P UK IX ¢
N ol oD N ol

p09T —

0091



PCT/US2019/019457

WO 2019/165383

17/23

(2) own

LI "OIA

Ppaso1) TS
uadQ 1S

PpasoI) IS
uadQ S

3

N
v

4
N
/

cscsscsecsscscsccscsses ad [n |esescscsscscncccay

Iseyq surdaeydsi(q . Jsey suidaey))

oL 0A

%001 | %2 ¢
%T 86| 1y
%0°S6| %2 ¢
%S 98| %1¢
%TE9| 2T

%0| %21

(A) opmimuSejy | 0
01 °sA OAp
Jsey suidaey)




PCT/US2019/019457

WO 2019/165383

18/23

.\.\.\ mﬁ CXE 1L SEY EIEDURE g
el VOB DAL 34 e SR A ABDEOG
e R4 g PUNGRUNY B
Lo SLgiumin \.m 5 S mcmn&wcm
74 YERRIGL AL U ?cvtm FIYILY WD)
FERBIHED AR YIS A B2E0 UK 1 TS AL
)
Eogy
iy L bm)& 5t O DU oupe
et L 3 w2hon]
Loty o7 4 &ﬁ& O EBA
mmm.\.\.s..w s $SrEBIDE IS TR A,
B/
~— 081
\\\\v&\\\\\\“\\, e
i EEO O

o~ T08I

81 "OIA

s SR 3% w w X2
ALK 0] UaResy B0 L 1D m DL
G 173 AT T SO0 g 7o

I PREBEIRA

CHsEEN PO

9081

it PR e

SO0 poy

£
SR

=]

W B U
3 SSGAR I

g,

X

e 20

YR ¥

§ Ty RSB WY

Lo,
g /.

.&\

OIS BIEPEed \

P081

9081

<081

0081

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/019457

WO 2019/165383

19/23

61 OIA

sTxe Jolew ay) 0] [euo30YIOo SIXe Aue Ul SUIdIeyo
MO[[e 01 AXaNeq ) JO IPIS OB I0J [109 FUIAIRIAI dU()

F161) (T161) (o161) (8061)
¥ opIS ¢ 9pIS ToPIS [ 9p1S
[10D) JOATOY [10D) IOATIY [10D) JOATOY [10D) IOATIY
SSO[RITAA SSO[RITAA SSO[AII A SSO[RITAA

(9061)
Mooy

<~ (#061) 10nU0DH
IoJsuel],

(0z61) 11°D L JoMOd SSO[AIT A
K1opegq wnigiry —

(zo61)
JUSWASRURIA

Kranegq

9161)
sreurura [, indinQ Aroneq \
0061



PCT/US2019/019457

WO 2019/165383

20/23

0C OIA

reRq

e 910¢C

r00C

00T

<« (207

0007



PCT/US2019/019457

21/23

WO 2019/165383

IC "OIA

Bl 0T,

Co T e TN
AT BB, e, BBIREX Qﬁﬁmf@!ﬁ
o B e e o = T
R HAH D, \va

=
» g 10"
Q Z .
: 803 A
C Y
s ; o
", et

AEHAIBES A g

G A

-
\\\\i’\\\w

o

\,\

P

awel

o
v

PASINT RIREUIATIN e

001¢C

SUBSTITUTE SHEET (RULE 26)



WO 2019/165383

2200

22/23

( Start )

PCT/US2019/019457

Provide a pulse to a charging circuit,
wherein the pulse has a duration that is
less than half the period of a nominal
resonant frequency of the charging
circuit and is configured to cause an
oscillation of the charging circuit

— 2204

Detect a rate of decay of the oscillation
of the charging circuit or a frequency of
the oscillation of the charging circuit

Determine that a chargeable device has
been placed in proximity to a coil of the
charging circuit based on based on
changes in a characteristic of the
charging circuit

FIG. 22



PCT/US2019/019457

WO 2019/165383

23/23

£C OIA

\ B
JNOJIY) SUISSID0I]
80¢€C T\
JOATOISURI], QoejIoU] | eoeyroyuy
Iy B g sng T il I =N
ec—
01£T —~ +
) v N—g167
.................................... \ ~0TET J0SS900I] J8e101§ }
oreysounry, ¢ | {7 | = | T

N uonoung ~— $0¢£C 90£C — W SINPON

. 01307 f A .

. Y10 :

: pue .

[onuoy \
7 uonoun,j ‘Ol s | 2RImPON
[ uonouny ’ [ S[NPON
st~ . o1ET
174 £%4
005z



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 19/19457

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO02J 7/00; H02J 50/10 (2019.01)
CPC

HO04B 5/0087

- H02J 7/02; HO02J 7/025; H02J 7/04; H024 50/10; HO2J 50/70; HO4B 5/00; H04B 5/0075;

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 8,766,487 B2 (DIBBEN et al.) 01 July 2014 (01.07.2014), entire document, especially; co! 1,

- In 14-28, col 4, In 34-40, col 20, In 50 to col 21, In 3, col 20 ,In 50 to col 21, In 16, col 13, In 43-

A 61, col 21, In 4-17, col 21, In 31-44

Y US 7,266,470 B1 (FULMER) 04 September 2007 (04.09.2007), entire document, especially; col

- 1,1n 18-22, col 3, In 4-22

A

Y US 2017/0150304 A1 (BALDASARE et al.) 25 May 2017 (25.05.2017), entire document,
especially; para [0025], [0081], [0087)

Y US 8,446,046 B2 (FELLS et al.) 21 May 2013 (21.05.20013), entire document, especially; col 2,
In 7-9, col 19, In 4-48.

A US 2007/0182367 A1 (PARTOVI) 09 August 2007 (09.08.2007), entire document.

A US 2016/0043566 A1 (SANYO ELECTRIC CO., LTD) 11 February 2016 (11.02.20186), entire

1-4,7-13, 16-18
5, 6, 14, 15, 19, 20
1-4,7-13, 16-18

5,6, 14,15, 19, 20

7,16

1-20

1-20

document.

D Further documents are listed in the continuation of Box C.

D See patent family annex.

hd Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L"™ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

30 June 2019

Date of mailing of the international search report

18 JuL 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International app]ica[ion No.

PCT/US 19/19457

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:
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The inventions listed as Groups I-1Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:
Group | requires the technical feature of determining that a chargeable device has been placed in proximity to a coil of the charging
circuit, not found in the other groups.

Group |l requires the technical feature of a metal layer, not found in the other groups.

Group Il requires the technical feature of provide a charging current to the battery when the charge level of the battery is below a
maximum threshold charge level, not found in the other groups.

Shared Features:
The only technical features shared by Groups I-1il that would otherwise unify the groups are a charging device providing a charging
circuit.

The only additional technical features shared by Groups | and I1] that would otherwise unify the groups are a coil.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
disclosed by US 2017/0346345 A1 to WiTricity Corporation (hereinafter WiTricity) 30 November 2017 (30.11.2017), which discloses a
charging device providing a charging circuit and coil (para [0022], [0031] -As a result, a system may have a wide variety of possible
applications where a first resonator, connected to a power source, is in one location, and a second resonator, potentially connected to
electrical/electronic devices, batteries, powering or charging circuits, and the like, is at a second location, and where the distance from
the first resonator to the second resonator is on the order of centimeters to meters. -At least one of the source resonator and the second
resonator may be a coil of at least one turn of a conducting material connected to a first network of capacitors).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups |-Ilf therefore lack unity under PCT Rule 13.
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